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(57) Immunoglobulin light chains (Ig-LC) are pro- 
duced in excess in animals compared to heavy chains. 
The present invention implicates these Ig-LC in hyper- 
sensitivity responses and provides means and methods 
for manipulating the responses. The invention further 
provides a common gamma chain independent receptor 



on mast cells capable of mediating the mentioned ef- 
fects of Ig-LC. In response to activation of the pathway 
of which the found receptor is a part, a mast cell is ac- 
tivated and stimulated to degranulate. 
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Description 

[0001] The invention relates to the field of medicine. 
The invention further relates to the fields of immunology 
and molecular biology. The invention in particular re- 
lates to means and methods for manipulating hypersen- 
sitivity responses. 

[0002] Immunoglobulins (Ig) are important effector 
molecules of adaptive humoral immune responses. Pro- 
duction of IgE and lgG1 antibodies to innocuous anti- 
gens is a reflection of a normal immune response. Bind- 
ing to Fc receptors, FceRI or FcyRIII, on mast cells and 
basophiles, respectively and subsequent cross-linking 
of these Fc receptors can trigger hypersensitivity reac- 
tions. In patients with allergic syndromes, IgE is thought 
to play a central role in eliciting immediate hypersensi- 
tivity reactions. However, many hypersensitivity diseas- 
es do not always correspond with increased serum IgE 
levels or skin reactivity to common allergens. Studies in 
epsilon heavy chain gene-targeted mice (IgE-deficient) 
showed that active anaphylaxis can be induced in ab- 
sence of IgE antibodies and was likely due to lgG1 . On 
the other hand, immediate-like hypersensitivity reac- 
tions can also be elicited by other antigen-specific fac- 
tors (1). 

[0003] Tetrameric Ig's are produced and secreted by 
plasma cells. However, it is well documented that plas- 
ma cells also produce and secrete single Ig light chains 
(Ig-LC) in excess over Ig heavy chains or gamma chains 
(2-6). In vivo turnover studies in humans demonstrated 
that apparently only 60% of synthesized Ig-LC was in- 
corporated into isotypic whole Ig and the remaining frac- 
tion was released into serum as free Ig light chain (7). 
Therefore, Ig-LC can be detected at low levels in normal 
serum and also in urine and in cerebrospinal fluid. Single 
Ig light chain and Ig light chain dimers bind antigen spe- 
cifically. Antigen-binding aff in ities vary and are generally 
lower, but also affinities similar to or higher than tetra- 
meric Ig were reported (8-15). It is against current dog- 
ma that secreted Ig-LC may play a physiological role, 
although in some instances free Ig-LC were found to dis- 
play antigen-specific proteolytic activity (16, 17). How- 
ever, in this study we show that Ig-LC can transfer im- 
mediate hypersensitivity-like responses in mice. These 
hypersensitivity-like responses are mast cell-mediated 
and are not detectable in mast cell-deficient mice. Short- 
ly after antigen exposure of Ig-LC -sensitized animals, 
mast cell activation and local tissue swelling can be de- 
tected. We here show that Ig-LC can serve as a link in 
the mechanism by which mast cells regulate a number 
of immune-mediated diseases. 
[0004] Mast cells are important for the development 
of acute responses in allergic reactions. Thus far, trig- 
gering the high affinity IgE receptor (FceRI) and the low 
affinity I gG- receptor (FcyRIII) are the only routes known 
to activate mast cells in an antigen-specific manner. The 
present invention discloses that Ig-LC can exert their ac- 
tion independent from activation of the FcyRIII or FceRI 



receptors. Both receptors signal via the common y-chain 
and can trigger hypersensitivity reactions via activation 
of mast cells. Passive sensitization of animals deficient 
in the common y-chain (FcRy-/-) resulted in similar ear 
s swelling responses after hapten challenge as compared 
to wild type (C57BL/6) animals (figure 1). This result 
shows that Ig light chains interact with a receptor which 
does not need the common y-chain for signaling and 
thereby excludes FceRI and FcyRIII or other gamma- 
chain associated receptors as effector molecules in 
Ig-LC -induced hypersensitivity . 
[0005] In one aspect, the present invention thus pro- 
vides an isolated cell comprising an Ig-LC receptor ca- 
pable of activating a signal transduction pathway in said 
cell upon binding and crosslinking of an Ig-LC to said 
receptor, wherein said signal transduction is independ- 
ent of the presence of a functional gamma-chain on said 
cell. Said isolated cell preferably comprises a mast cell, 
or a gamma chain-associated receptor-deficient cell, or 
mast cell 

[0006] Knowledge of the presence of gamma chain 
independent receptor for Ig-LC opens the route to the 
identification of the receptor. Many techniques are 
present in the art to find receptors for ligands. The in- 
vention preferably utilizes protein solutions that are en- 
riched for Ig-LC receptors. In one embodiment the in- 
vention therefore provides a method for obtaining a pro- 
tein solution enriched for a receptor for Ig-LC comprising 
providing a gamma chain deficient mast cell with Ig-LC 
and cross-linking said Ig-LC to proteins in its vicinity and 
purifying Ig-LC and linked proteins from non-linked pro- 
teins. This purification can be achieved through many 
different means. In a preferred embodiment this is 
achieved through magnetic beads associated with said 
Ig-LC. Magnetic beads are coupled to Ig-LC. These 
beads are then incubated with mast cells or mast cell 
proteins and after washing the cells, Ig-LC (bait) are 
chemically cross-linked to cell surface proteins in imme- 
diate proximity to the binding site. After lysing the cells, 
Ig-LC -cross-linked cell surface proteins are separated 
from non-bound proteins using a magnetic device. Pro- 
teins are washed and separated using SDS-PAGE. This 
can be done using gel electrophoresis methods . Pro- 
teins can be characterized and identified by sequencing 
(part of) the proteins from certain positions in the gel. 
Proteins are further characterized and identified with 
Maldi-TOF mass spectrometry and/or Edman degrada- 
tion. Binding of Ig-LC conjugated magnetic beads cou- 
pled to mast cells was visualized in the present invention 
by light microscopy (see examples). Binding was spe- 
cific for light chain, since no binding was detected when 
beads were conjugated to bovine serum albumin (BSA). 
The process mentioned above is of course very much 
facilitated by the availability of the results of the genome 
project. Even very limited information of the sequence 
can currently be used to at least limit the number of can- 
didate molecules. In many cases even limited informa- 
tion on the sequence is sufficient to identify a single can- 
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didate molecule responsible for the binding to mast 
cells. Depending on the identified candidates, different 
methods can be utilized to prove that molecule is the 
receptor. 

[0007] Thus in another aspect the invention provides 
a purified and/or isolated and/or recombinant Ig-LC re- 
ceptor or a functional part, derivative and/or analogue 
thereof, capable of activating an Ig-LC-dependent sig- 
nal transduction pathway in a cell, wherein said activa- 
tion is for example, but not limited to, an ion channel, 
said activation being independent of the presence of a 
functional gamma-chain receptor on said cell. A func- 
tional part of a Ig-LC receptor is a part comprising the 
same Ig-LC binding capabilities. A derivative of the men- 
tioned receptor or part, can be obtained through (con- 
servative) amino-acid substitution. As a functional part, 
or an analogue also a derivative comprises the same 
Ig-LC binding capabilities in kind, not necessarily in 
amount. Once a protein is identified, it is within the pow- 
er of a person skilled in the art to provide a nucleic acid 
encoding said protein. Thus the present invention also 
provides a nucleic acid encoding an Ig-LC of the inven- 
tion receptor or a functional part, derivative and/or ana- 
logue thereof, capable of activating an Ig-LC dependent 
signal transduction pathway in a cell. Expression vec- 
tors can be made and these can be introduced into tar- 
get cells. Thus these vectors are also part of the inven- 
tion. For more efficient delivery such vectors may be 
packaged into gene delivery vehicles such as for exam- 
ple virus or virus -like particles. Such virus or virus-like 
particles are therefore also part of the invention. The ar- 
tisan is further capable to generate antibodies that are 
specific for said gamma-chain independent Ig-LC re- 
ceptor. 

[0008] With the knowledge of the gamma chain inde- 
pendent lg-LC receptor it is possible to find compounds 
that at least in part inhibit the signal transduction path- 
way of the Ig-LC receptor, an example of such a com- 
pound is a molecule that competes with the binding of 
Ig-LC. This can for instance be done through molecular 
modeling or by high-throughput screening. Moreover, 
knowledge that Ig-LC is capable of binding to the recep- 
tor can be used to find competing molecules. Thus the 
invention further provides a compound capable of at 
least in part inhibiting a signal transduction pathway of 
an Ig-LC receptor of the invention. Preferably, said com- 
pound comprises a molecule capable of competing with 
Ig-LC for binding to a gamma-chain-independent Ig-LC 
receptor. Preferably, said compound comprises an an- 
tagonist capable of competing with Ig-LC for binding to 
a gamma-chain-independent Ig-LC receptor. Compet- 
ing molecules can be tested for their capacity to antag- 
onize the action of an Ig-LC. Preferably, this testing com- 
prises the degranulation of mast cells or an Ig-LC de- 
pendent signal transduction pathway in a cell, more 
preferably independent of the presence of a functional 
immunoglobulin or gamma chain-associated receptor 
on said cell. 



In another embodiment, the invention provides a meth- 
od for determining whether a compound is capable of at 
least in part inhibiting signal transduction of a gamma 
chain independent Ig-LC receptor comprising providing 
5 a gamma-chain-receptor deficient cell comprising said 
receptor with said compound and determining whether 
Ig-LC mediated signal transduction is at least in part in- 
hibited in said cell. A suitable antagonist of Ig-LC is an 
Ig-LC mutated in the receptor binding site such that it is 
10 not able to activate the receptor any more. Thus the in- 
vention provides a compound capable of interacting with 
an Ig-LC receptor, capable of preventing sensitizing a 
mast cell. Preferably, said compound comprises an 
Ig-LC selected for its capacity not to elicit a signal trans- 
15 duction signal. 

[0009] An antagonist can be used to prevent or re- 
duce sensitizing a mast cell. Thus the invention also pro- 
vides a method for preventing or reducing sensitizing a 
mast ceil comprising providing said mast cell with an 
Ig-LC antagonist. Preferably, said antagonist comprises 
a substance capable of binding to Ig-LC receptor, and 
incapable of binding an antigen or incapable of activat- 
ing the receptor after binding an antigen. 
[001 0] Now that the receptor is found, it is also possi- 
ble to manipulate the signal transduction pathway the 
receptor is part of. This can be done most easily on the 
level of the receptor itself. It is for instance possible to 
provide libraries of mutated receptors. These libraries 
can be used to find a mutant that is capable of activating 
a mast cell, independent of the presence of a bound 
Ig-LC/antigen complex. Providing activators or antago- 
nists or even Ig-LC one can manipulate activation of a 
mast cell. Thus the invention also provides the use of 
an Ig-LC receptor to modulate a mast cell activated im- 
mune response. 

[0011] Clinical uses are also within the invention. For 
instance an animal suffering or at risk of suffering from 
a hypersensitivity response can be administered a com- 
pound of the invention, thereby reducing the hypersen- 
sitivity response or reducing the chance and/or extent 
with which a hypersensitivity response will appear. In 
another embodiment the invention provides a method 
for reducing a hypersensitivity response in an animal 
comprising providing said animal with a molecule capa- 
ble of preventing binding of an Ig-LC to an Ig-LC recep- 
tor. Said molecule can be a receptor antagonist of the 
invention. Said molecule can also be a molecule capa- 
ble of binding to an Ig-LC thereby preventing binding of 
said bound Ig-LC to a gamma-chain independent recep- 
tor or binding of antigen by the receptor-bound Ig-LC. 
The latter molecule is for the present invention called an 
Ig-LC antagonist or ligand antagonist. The invention fur- 
ther provides an Ig-LC antagonist capable of preventing 
binding of an Ig-LC to a gamma chain dependent recep- 
tor on mast cells. In one embodiment, a compound ca- 
pable of at least in part inhibiting an Ig-LC signal trans- 
duction pathway comprises THP or uromoduline, or a 
functional part, derivative and/or analogue thereof. In a 
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preferred embodiment said compound comprises a 
peptide comprising an amino acid sequence (AHWS- 
GHCCL) and/or a functional part, and/or derivative and/ 
or analogue thereof. 

[001 2] For the present invention a human is also con- 
sidered to be an animal. In a preferred embodiment said 
animal comprises a mammal. More preferably, said 
mammal comprises a human. 

[0013] The invention further provides a use of a 
compound , a compound capable of at least in part in- 
hibiting an Ig-LC signal transduction pathway, prefera- 
bly an Ig-LC antagonist or a receptor antagonist, in the 
preparation of a medicament for the treatment of imme- 
diate and delayed hypersensitivity responses such as 
contact dermatitis, asthma, psoriasis, inflammatory 
bowel disease, rheumatoid arthritis, Sjogren, and sys- 
temic lupus erythematosus, and/or multiple sclerosis. 
Preferably, said medicament is formulated and pack- 
aged for parenteral and/or oral administration. Prefera- 
bly, said compound comprises THP or uromoduline, or 
afunctional part, derivative and/or analogue thereof. In 
a preferred embodiment said compound comprises a 
peptide comprising an amino acid sequence (AHWS- 
GHCCL) and/or a functional part, and/or derivative and/ 
or analogue thereof . 

The mentioned routes of administration allow the forma- 
tion of a depot from which new antagonist is recruited 
over time, thus allowing for a more prolonged effect of 
the medicament compared to an intra-venous adminis- 
tration. The invention further provides a method of treat- 
ment of an animal suffering from or at risk of suffering 
from immediate or delayed hypersensitivity- 1 ike re- 
sponses such as asthma, psoriasis, inflammatory bowel 
disease, rheumatoid arthritis, Sjogren, and systemic lu- 
pus erythematosus, and/or multiple sclerosis. The 
method comprising administering said animal a medica- 
ment comprising a compound of the invention such as 
an Ig-LC antagonist or a gamma chain independent re- 
ceptor antagonist and a suitable carrier. In a preferred 
embodiment said disease comprises Multiple Sclerosis. 
[0014] Free Ig-LC are produced and secreted by B 
lymphocytes and considerable levels of Ig-LC are 
present in serum. The present invention demonstrates 
that Ig-LC confer hypersensitivity in naive animals. Mice 
passively sensitized with trinitrophenol (TNP)- or oxa- 
zolone (Ox)-specific Ig-LC develop a cutaneous swell- 
ing response, have elevated plasma histamine and 
show morphologic signs of mast cell degranulation after 
challenge with relevant antigen. Induction of hypersen- 
sitivity is independent of presence of the common gam- 
ma chain, excluding a role for Fc- or other gamma-chain 
associated receptors. Hapten specific Ig-LC is produced 
within 24 hour after topical sensitization with low molec- 
ular weight compounds trinitrophenol chloride (2-chloro 
1,3,5 trinitrobenzene; picryl chloride (PCI)), 2,4-dini- 
trofluorobenzene (DNFB) or oxazolone by spleen cells 
from sensitized mice. Although it is clear that IgE and 
lgG 1 are central to the induction of immediate hypersen- 



sitivity reactions, the present invention shows that Ig-LC 
are similarly able to transfer hypersensitivity to naive an- 
imals. Free Ig-LC are an as yet unappreciated-factor in 
the humoral immune response to antigen exposure, and 
5 can upon cross-linking lead to mast cell-dependent im- 
mediate hypersensitivity-like reactions. 
[001 5] In one aspect the invention provides evidence 
for a novel role for free Ig-LC. We show that Ig-LC trans- 
fer hapten sensitivity into naive animals and subsequent 
10 antigen challenge elicits an immediate hypersensitivity- 
like response, which appears to be mast cell dependent. 
[0016] Mast cells have been implicated in a wide va- 
riety of biological responses including immediate hyper- 
sensitivity reactions, bacterial sepsis and also in T-cell 
15 dependent reactions such as contact hypersensitivity 
reactions, experimental autoimmune encephalomyelitis 
(EAE), or non-allergic asthma. The diseases like contact 
sensitivity, EAE and non-allergic asthma can be induced 
by local delayed type hypersensitivity (DTH) reactions 
and are independent of IgE or lgG1 . Studies in mast cell- 
deficient animals show that mast cells are crucial in or- 
chestrating a full DTH response. Humoral factors re- 
leased by B cells seem important in contact hypersen- 
sitivity reactions since hypersensitivity is impaired in B- 
cell deficient animals .In ongoing studies, we have 
found that TNP-specific Ig-LC are capable of rescuing 
impaired contact hypersensitivity reactions as a result 
of hapten application in B-cell deficient mice. In addition, 
passive sensitization with Ig-LC can give rise to a rapid 
and profound airway bronchoconstriction in mice after 
intra-airway antigen challenge, a reaction dependent on 
mast cell activation. Importantly, Ig-LC are involved in 
delayed type hypersensitivity reactions leading to bron- 
choconstriction, cellular influx in bronchoalveolar lav- 
age, and airway hyper reactivity after active sensitiza- 
tion with low molecular weight compounds followed by 
intranasal challenge (manuscript in preparation). It is of 
interest that the secretion of Ig-LC is augmented under 
pathological conditions such as multiple sclerosis, Sjo- 
gren's disease, systemic lupus erythematosus, and oth- 
er neurological disorders (18-21) For example, produc- 
tion of Ig-LC in patients with multiple sclerosis is greatly 
enhanced (20, 22). This production of Ig-LC is associ- 
ated with recent antigenic stimulation and correlates 
with severity of the disease. In concord with our hypoth- 
esis, it has been demonstrated that mast cells play an 
important role in the pathogenesis of MS or EAE; sub- 
stantially reduced disease symptoms are found in mast 
cell-deficient animals. 

Examples 

Example 1 : Ig-LC do not activate gamma-chain 
associated receptors 

[0017] From our studies it is clear that mast cells are 
crucial for the development of acute responses in skin 
and airways leading to ear swelling and acute bronchoc- 
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onstriction, respectively. Thus far, triggering the high af- 
finity IgE receptor (FceRI ) and the low affinity IgG-re- 
ceptor (FC7RIII) are the only routes known to activate 
mast cells in an antigen -specific manner. We investigat- 
ed whether Ig-LC exerted their action via activation of 
the FC7RIH or FceRI receptors. Both receptors signal via 
the common -ychain and can trigger hypersensitivity re- 
actions via activation of mast cells. Passive sensitization 
of animals deficient in the common gamma chain 
(FcRy-/-) resulted in similar ear swelling responses after 
hapten challenge as compared to wild type (C57BL/6) 
animals (Fig 1 ). This indicates that Ig-LC interact with a 
receptor, which does not need the common -ychain for 
signaling and thereby excludes FceRI and FoyRIM but 
also other gamma-chain associated receptors such as 
PIR-Aand-B as effector molecules in Ig-LC -induced hy- 
persensitivity reactions. Preliminary experiments 
showed that Ig-LC bind to mast cells and recognize an- 
tigen in resetting assays with hapten-conjugated red 
blood cells. FACS analysis indicated that both IgE and 
lgG1 do not compete with the binding of Ig-LC to murine 
bone marrow-derived mast cells, confirming our results 
in the FcRy-/- mice. Various attempts to directly activate 
murine bone marrow-derived mast cells in vitro to re- 
lease prestored mediators after cross linking of surface- 
bound Ig-LC were not successful. Although in some ex- 
periments a significant degree of degranulation was 
found, results were highly variable. The latter may be 
explained by a possible lack of co stimulatory factor in 
vitro, a maturation-dependent expression of cell surface 
proteins involved in Ig-LC -mediated activation or the si- 
multaneous presence of inhibitory and activatory recep- 
tors. 

Example 2: Biochemical isolation and purification of 
Ig-LC receptor 

[0018] Chemical crosslinking of ligand to cellular 
membrane was the method employed to isolate and 
identify cell surface proteins as putative receptors for 
various ligands. Magnetic beads were coupled to Ig-LC. 
These beads were then incubated with murine bone 
marrow-derived mast cells and after washing the cells, 
Ig-LC (bait) were chemically cross linked to cell surface 
proteins in immediate proximity to the binding site. After 
lysing the cells, Ig-LC -cross linked cell surface proteins 
were separated from non-bound proteins using a mag- 
netic device. Proteins were washed and separated us- 
ing SDS-PAGE (1-Dor2-D). Proteins were further char- 
acterized and identified with Maldi-TOF mass spectrom- 
etry and/or Edman degradation. Binding of Ig-LC conju- 
gated magnetic beads coupled to mast cells were visu- 
alized by light microscopy. Binding was specific for light 
chain, since no binding was detected when beads were 
conjugated to bovine serum albumin (BSA) (Fig 2 a-d). 



Example 3. Expression cloning of the Ig-LC receptor 

[001 9] Expression cloning was used to clone an Ig-LC 
receptor. A cDNA library from primary cultured murine 

s mast cells (BMMC) was constructed. This cDNA was 
transfected into mammalian cells. Transfected cells 
were compared in their binding capacity for Ig-LC using 
a flow cytometer. Cells binding Ig-LC above background 
were collected by the FACS sorter. Transfected DNA 

10 from these cells were isolated and used for succeeding 
transfection rounds. After several transfection/sorting 
rounds, a single Ig-LC receptor-expressing cell popula- 
tion was isolated. The transfected DNA from this popu- 
lation encodes for the putative Ig-LC receptor. A recep- 

15 tor present on mast cells of specific interest for binding 
Ig-LC is CD63, a transmembrane-5 (TM5) membrane 
protein This receptor is expressed by mast cells and 
cross-linking of this receptor results in mast cell activa- 
tion and mediator release. FACS experiments showed 

20 the presence of CD63 on mast cell line RBL-2H3, but 
not on COS cells (figure 3). 

Example 4. Role of mast cells in Ig-LC responses 

25 [0020] The involvement of mast cells in eliciting ear 
swelling responses after topical challenge of Ig-LC -sen- 
sitized mice was investigated using mast cell-deficient 
mice (W/Wv). As shown in figure 4, passive sensitization 
of mast cell-deficient mice with TNP-specific Ig-LC fol- 
30 lowed by topical application of TNP did not result in a 
significant ear swelling at 2 hours after challenge. As 
expected, similar treated control mast cell-sufficient lit- 
termates (+/+) showed normal ear swelling responses. 
To further proof that the absence of mast cells alone was 
35 responsible for the completely reduced ear swelling re- 
sponse in the mast cell-deficient mice, we reconstituted 
these animals with bone marrow-derived mast cells 
from wild-type animals. Reestablishment of the mast 
cell population by local injection of bone marrow-derived 
*o mast cells restored the ear swelling responses in Ig-LC 
-sensitized and hapten challenged animals (figure 4). 
[0021] Indeed, hapten challenge of Ig-LC-sensitized 
animals was accompanied with a rapid increase in plas- 
ma histamine levels in vivo and direct proof for mast cell 
45 activation was obtained after histological and ultrastruc- 
tural analysis of biopsies of the ears at 1 hour after top- 
ical hapten challenge. Mast cells in tissue sections of 
mice intravenously sensitized with TNP-specific Ig-LC 
showed marked signs of degranulation after re-expo- 
50 sure to hapten. Electron microscopy revealed that de- 
granulation was characterized by swelling of intracyto- 
plasmic granules, decrease of electron-density of the 
granules and extrusion of membrane-free granules from 
the mast cells (figure 5). 

55 

Example 5. Specific recognition of antigen by Ig-LC. 
[0022] In general, it is acknowledged that both heavy 
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chain and light chain contribute to binding of antigens 
by immunoglobulins, which are monomers ormuJtimers 
of a tetrameric structure consisting of two light chains 
and two heavy chains. The structure of an Ig-LC can be 
separated in a constant and variable region. The latter 
region contains hypervariable domains (CDR's), which 
are responsible for antigen recognition. The genes en- 
coding these regions undergo rearrangement/mutation 
to effect affinity maturation and gain specificity for a cer- 
tain antigen. Similar mechanisms play a role in shaping 
the antigen recognition by Ig heavy chains. 
[0023] In order to prove that free Ig-LC have the ca- 
pability to recognize and bind to antigen, we have per- 
formed the following experiments. First two Ig-LC's with 
different antigen specificity were generated by separa- 
tion of immunoglobulin heavy and light chains from ox- 
azolone- and TNP-specific IgG's. Naive mice were sen- 
sitized with the isolated Ig-LC and subsequently topical- 
ly challenged with TNP or oxazolone. Two hours after 
challenge ear thickness was measured. As shown in fig- 
ure 6, when mice were sensitized with oxazo lone-spe- 
cific Ig-LC only an increase in ear thickness was meas- 
ured when the ears were challenged with oxazolone and 
not after application of picryl chloride, i.e. TNP. Vice 
versa, when animals were sensitized with TNP-specific 
Ig-LC ear swelling was only induced by TNP and not by 
oxazolone. 

[0024] In a second experiment, we investigated if 
Ig-LC when bound to mast cells is able to recognize an- 
tigen in a proper way. In in vitro experiments, bone mar- 
row-derived mast cells were sensitized with TNP-spe- 
cific Ig-LC. Next, sensitized cells were co incubated with 
either unlabeled, TNP-labeled or oxazolone-labeled 
sheep red blood cells (SRBC). Binding (rosetting) of the 
SRBC was scored under a light microscope. As evi- 
denced in figure 7, TNP-specific Ig-LC -sensitized mast 
cells only show significant binding to TNP-labeled SR- 
BC, but not to unlabeled or with an unrelated hapten 
(OX)-coupled SRBC, This experiment confirms that 
Ig-LC are indeed able to specifically recognize antigen. 

Example 6: Production of Ig-LC after contact 
sensitization of mice. 

[0025] Induction of immediate hypersensitivity by 
Ig-LC s may be physiologically relevant. Ig-LC are pro- 
duced and secreted upon antigen exposure. To test this 
hypothesis, spleen and lymph node cells from mice that 
had been sensitized epicutaneously to PCI, DNFB or ox- 
azolone 4 days before, were cultured in vitro for 1 day 
in the absence of hapten. Hapten-binding proteins from 
culture supernatant were isolated by hapten-affinity 
chromatography. Western analysis showed that the 
hapten-binding factors obtained this way contained Ig 
kappa light chain (figures), but no Ig heavy chains were 
detected (data not shown). Importantly, TNP-binding 
factor could be isolated from culture supernatant of 
spleen and lymph node cells isolated from mice as early 



as 1 day after topical sensitization with PCI. In this prep- 
aration the presence of Ig-LC was confirmed by Western 
blot analysis (data not shown). The N-terminal amino 
acid sequence of this protein showed almost complete 
5 homology with mouse Ig kappa light chain. 

Example 7: Measurement Ig-LC in human serum. 

[0026] Free Ig-LC can be detected in various human 
10 body fluids e.g. liquor, urine and serum. Using an Ig-LC 
-specific ELISA we were able to detect significant levels 
of Ig-LC in serum (figure 9). The detected levels are 
comparable to these reported earlier by other groups. 

15 Example 8: Effects of F991 , an Ig-LC binding peptide. 

[0027] F991 is developed as an antagonist of Ig light 
chain. The working hypothesis for this compound is that 
it binds to Ig light chains and thereby prevents binding 

20 of light chains to their putative receptors. F991 isa9-mer 
peptide derived from the endogenous protein uromod- 
ulin. The potency of F991 to inhibit Ig-LC induced cuta- 
neous reactions (ear swelling responses) was studied. 
Our working hypothesis for this compound is that it is an 

25 antagonist of Ig-LC and binds to Ig-LC and thereby pre- 
vents binding of Ig-LC to their putative receptors. F991 
was administered in different dosages, via various ad- 
ministration routes. 



[0028] Indicated amounts of F991 per mouse were in- 
travenously injected at 30 min before hapten challenge. 

35 At that same time point mice were injected (passively 
sensitized) with TNP-specific Ig-LC or vehicle (PBS). 
Two hours after hapten challenge increase in ear thick- 
ness was monitored. The figure 1 0 shows a clear dose- 
dependent inhibition of the ear swelling response by 

*o F991 . Amounts of 2 \ig per mouse (1 .9 nmolell) were 
sufficient to completely block the Ig-LC -induced ear 
swelling (Figure 10). 



[0029] Mice were injected with 50 u.g of F991 intra- 
peritoneally at 4 or 24 hours before challenge with hap- 
ten. 30 min before challenge the animals were passively 
(i.v.) sensitized with TNP-specific Ig-LC and two after 
hapten application onto the ears, ear thickness was 
measured. As demonstrated in the figure 11 , i.p. admin- 
istration of F991 even at 24 hours before hapten chal- 
lenge completely prevented the induction an ear swell- 
ing response (Figure 11). 
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30 A. Dose dependent inhibition after intravenous 
administration. 



B. Other administration routes: Intraperitoneal 
45 administration of F991 
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C. Subcutaneous administration of F991 

[0030] Protocol see above for i.p. administration, ex- 
cept F991 was injected subcutaneousiy. 
[0031 ] Similar to the i.p. administration of F991 when 
injected subcutaneousiy, F991 again completely inhib- 
ited Ig-LC -induced ear swelling after hapten challenge 
(Figure 12). 

Example 9. Epicutaneous application of F991 (in 
ointment) 

[0032] 

A. F991 was prepared as an ointment in Cremor Ce- 
tomacrogolis FNA and topically applied on the ear 
at 4 hours before hapten challenge. Subsequently, 
mice were passively sensitized with 2 u.g TNP-spe- 
cific Ig-LC n at 30 min before and earthickness was 
measured 2 hours after hapten challenge of the 
ears. As shown in the figure 13, topical application 
of F991 in an ointment resulted in a dose-depend- 
ent inhibition of the ear swelling induced after hap- 
ten challenge of Ig-LC sensitized animals (Figure 
13). 

B. We further investigated if local application of 
F991 as an ointment resulted in systemic inhibition 
of the Ig-LC -induced effects. Therefore F991 was 
applied on the back of the mice instead of at the site 
of hapten challenge (ear). Mice were again sensi- 
tized and challenged as described above. The fig- 
ure 14 shows that topical application of F991 does 
not result in systemic inhibition of the Ig-LC effects. 
This means that epicutaneous treatment should be 
done at the site of challenge (Figure 14). 

C. Stability of F991 in ointment 

To determine the stability of F991 in ointment, 
different preparations of F991 in Cremor Cetamac- 
rogolis FNA were tested for their activity after stor- 
age for 2-3 months at room temperature and at 4 
degrees Celsius. The different preparations were 
applied at the ear as described in A. and subse- 
quently ear swelling was monitored after hapten 
challenge of Ig-LC-sensitized animals. As shown in 
the figure 15, F991 stored under all different condi- 
tions retained its activity (Figure 15). 

D. Next we investigated if topical treatment with 
F991 also inhibited the development of contact sen- 
sitivity reactions induced after active sensitization. 
Mice were sensitized with a low molecular weight 
compound DNFB on the skin and footpads (on day 
0 and 1 ). 5 days after the start of sensitization and 
4 hours before local challenge with hapten, mice 
were treated with F991 on the ears. Two hours and 
24 hours after hapten challenge the increase in ear 



thickness was determined. As shown in the figure 
16, topical treatment with F991 completely inhibited 
the ear swelling at both 2 and 24 hours after chal- 
lenge. This experiment indicates that topical treat- 
s ment with F991 may be of therapeutic use in the 
treatment of contact dermatitis, a disease with sim- 
ilar characteristics (Figure 16). 

Example 10: Ig-LC, mast cells and multiple sclerosis. 

[0033] It is well documented that production of Ig-LC 
in patients with multiple sclerosis is greatly enhanced. 
Elevated levels of free (g-LC can be detected in cere- 
brospinal fluid and urine of MS patients. This production 
of free Ig-LC is associated with recent antigenic stimu- 
lation and correlates with severity of the disease. In con- 
cord with our hypothesis, it has been demonstrated that 
mast cells play an important role in the pathogenesis of 
MS; substantially reduced disease symptoms are found 
in mast cell-deficient animals (23) Further, mast eel Is are 
observed in CNS plaques, and histamine and tryptase 
levels are elevated in the liquor of MS patients, whereas 
treatment with mast cell stabilizers or antagonists of his- 
tamine and serotonin seem to ameliorate MS. 
[0034] If light chains were involved in the activation of 
mast cells in patients with MS, the prediction is that F991 
may be of therapeutic interest in the treatment of MS. 
We tested if F991 was able to prevent of reduce devel- 
opment clinical signs in an established mouse model for 
MS, i.e. myelin oligodendrocyte glycoprotein (MOG)-in- 
duced experimental allergic encephalomyelitis (EAE). 
Mouse were sensitized with antigenic peptide 35-55 
from MOG in complete freund adjuvant. At the day of 
sensitization and 3 days later, mice also received an in- 
jection with pertussis toxin. In general, 10-12 days after 
the start of sensitization mice develop clinical signs of 
MS, which can be scored in degree of paralysis (0=no 
paralysis, 1=tail flaccidity, 2=hind limb weakness, 
3=hind limb paralysis, 4=forelimb paralysis or loss of 
ability to right supine, 5=death). To investigate if F991 
is able to prevent development of clinical signs of MS, 
mice were daily injected with 50 \ig F991 /animal i.p. 
starting at day -1 until day 21 . As shown in the figure 1 7, 
treatment with F991 completely prevented the develop- 
ment of clinical signs of paralysis. Control mice devel- 
oped disease with a mean day of onset of 11 .8 and a 
mean clinical score of 2.3. There was a significant dif- 
ference in disease burden (mean cumulative EAE 
score) between the F991 (mean 4.2) treated group and 
the control group (mean 18.3). Termination of the treat- 
ment with F991 at 21 days after sensitization resulted 
in the development of some minor clinical symptoms 
("silly walk"), but not in a clear manifestation of EAE/MS 
(data not shown), (Figure 17). 
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so Legends to the figures 

Figure 1. 

[0036] Ear swelling induced by crosslinking of Ig light 
55 chains is not dependent on Fc-receptors. Common 
gamma chain knockouts and control mice (C57B1/6) 
were passively sensitized with TNP-specific Ig light 
chain or vehicle (PBS). Ears were challenged with picryl 
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chloride (TNP) and earthickness was measured 2 hours 
later. 

Figure 2. 

5 

(0037] 

a. Quantification of binding of magnetic beads deri- 
vatized with albumin (BSA), Ig light chain plus BSA 

(to improve orientation of Ig light chain). Binding 10 
was scored using light microscopy and number of 
beads attached per cell is shown. 

b. Miscroscopic visualisation of binding Ig light 
chain-coupled magnetic beads to primary cultured is 
murine bone marrow- derived mast cells (BMMC). 
BMMC incubated with beads coupled to BSA, 
showing minor degree of binding. 

c. Ig light chain-derivatized magnetic beads show- 20 
ing clear rosetting of beads around intact cells. 

d. Ig light chain-derivatized magnetic beads (Ig light 
chain + BSA to correct orientation of the light 
chains) showing clear rosetting of beads around in- 25 
tact cells. 

Figure 3. 

[0038] Expression of CD63 on COS fibroblast-like 30 
cells (a), a rat mast cell line RBL-2H3 (b) and primary 
cultured murine mast cells BMMC (c). Expression is de- 
tected by FACS with an antibody AD1 specific for CD63. 

Figure 4. 35 

[0039] Mast cell dependency of hapten-induced ear 
swelling in Ig LC sensitised mice. Mast cell-deficient (W/ 
Wv) or congenic controls (+/+) were intravenously sen- 
sitised with TNP-sepcific Ig light chain (5 mg). 30 min- *o 
utes after sensitisation mice were topically challenged 
with PCI and ear thickness was monitored at 2 hours 
after challenge. Ear swelling in W/W significantly differ- 
ent from +/+, p<0.05. Local reconstitution of the right ear 
with bone marrow-derived mast cells in W/W mice, 3 45 
weeks prior to the experiment resulted in a complete re- 
covery of the sensitivity to Ig light chain. 

Figure 5. 

50 

[0040] Electron micrograph of a mildly degranulated 
mast cell in the dermis of the ear of a TNP-specific Ig 
light chain sensitised mouse at 1 hour after topical chal- 
lenge with hapten. Numerous granules remain unal- 
tered, some secretory granules are enlarged, exhibit di- ss 
minlshed electron density and release their content (en- 
largement in b). 



Figure 6. 

[0041] Injection of TNP- or oxazolone-specific Ig light 
chain resulted in antigen-specifictransfer of hapten sen- 
sitivity. Mice were intravenously injected with TNP-spe- 
cific Ig light chain or oxazolone-specific Ig light chain 
and challenged on the ear with trinitro phenol chloride 
(PCI) (panel A) or oxazolone (Oxa) (panel B). Controls 
received vehicle (PBS) were also topically challenged 
with both haptens. Ear swelling was measured 2 h after 
challenge 

Figure 7. 

[0042] Mast cells sensitised with Ig light chain recog- 
nize antigen in a specific manner. TNP-specific Ig light 
chain sensitized cultured mast cells (BMMC) were incu- 
bated with TNP- or oxazolone (OX)-conjugated SRBC; 
rosetting cells were scored using light microscopy. 

Figure 8. 

[0043] Antigen-specific Ig light chain is produced after 
in vivo skin sensitisation with low molecular weight com- 
pounds. Immunoblotting of antigen-binding factors spe- 
cific for 2-chloro-1,3,5-trinitrobenzene (A), dinitrofluor- 
obenzene (B) and oxazolone (C) with Ig kappa light 
chain-specific antibody. 

Figure 9 

[0044] Measurement of free kappa Ig light chains in 
human serum using an Ig kappa light chain-specific ELI- 
SA. Samples of 6 human subjects were analyzed at dif- 
ferent dilutions (1000, 2000, and 1 0000 fold diluted). 

Figure 10 

[0045] Intravenous administration of different 
amounts of F991 at 30 min before hapten challenge of 
Ig light chain-sensitized mice results in a dose-depend- 
ent inhibition of ear swelling after hapten challenge. 
Mice were i.v. sensitized with 2 u.g TNP-specific Ig light 
chain at 30 min before ear challenge with TNP. Control 
mice were injected with PBS instead of Ig light chain. 

Figure 11 

[0046] Intraperitoneal administration of F991 (50 u.g/ 
animal) at 4 hours or 24 hours before hapten challenge 
of Ig light chain-sensitized mice completely inhibits in- 
duction of ear swelling after hapten challenge. Mice 
were i.v. sensitized with 2 jig TNP-specific Ig light chain 
at 30 min before ear challenge with TNP. Control mice 
were injected with PBS instead of Ig light chain. 
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3. An isolated cell according to claim 1 or claim 2, 
wherein said signal transduction pathway in said 
cell is activated upon binding of an Ig-LC to said re- 
ceptor and subsequent cross-linking of receptor- 

5 bound Ig-LC. 

4. An isolated cell according to any one of claim 1-3, 
wherein said cell comprises a mast cell. 

10 5. An isolated cell according to any one of claims 1 -4, 
wherein said receptor comprises an ami no-acid se- 
quence that is identical to the amino acid sequence 
of an endogenous gamma-chain-independent 
Ig-LC receptor encoded by the genome of said cell. 

15 

6. An isolated and/or recombinant Ig-LC receptor or a 
functional part, derivative and/or analogue thereof, 
capable of activating an Ig-LC dependent signal 
transduction pathway in a cell, wherein said activa- 
te tion is independent of the presence of a functional 

gamma-chain receptor on said cell. 

7. A receptor according to claim 6, wherein said signal 
transduction pathway comprises an ion channel. 

25 

8. An isolated and/or recombinant nucleic acid encod- 
ing a receptor according to claims 6 or 7 

N 
/ 

9. Use of a cell according to any one of claims 1 -5, or 
30 a receptor according to claims 6 or 7, or a nucleic 

acid according to claim 8 for selecting a compound 
capable of preventing binding of Ig-LC to said re- 
ceptor. 

35 10. A method for at least in part inhibiting Ig-LC induced 
signal transduction in a cell comprising providing 
said cell with a compound capable of at least in part 
inhibiting association of said Ig-LC with an Ig-LC re- 
ceptor on said cell. 

40 

11. A method according to claim 10, wherein said re- 
ceptor is a receptor for Ig-LC capable of activating 
an Ig-LC dependent signal transduction pathway in 
a cell, independent of the presence of a functional 

45 immunoglobulin on said cell. 

12. A method according to claim 10 or claim 11, wherein 
said compound is capable of specifically binding to 
said receptor for Ig-LC. 

50 

13. A method according to claim 12, wherein said com- 
pound comprises Ig-LC selected for its capacity not 
to elicit signal transduction by the Ig-LC receptor. 



Figure 12 

[0047] Subcutaneous administration of F991 (50 \ig/ 
animal) at 4 hours or 24 hours before hapten challenge 
of Ig light chain-sensitized mice completely inhibits in- 
duction of ear swelling after hapten challenge. Mice 
were i.v. sensitized with 2 jig TNP-specific Ig light chain 
at 30 min before ear challenge with TNP. Control mice 
were injected with PBS instead of Ig light chain. 

Figure 13 

[0048] Topical application of F991 as an ointment on 
the ears results in dose-dependent inhibition of ear- 
swelling after hapten challenge of Ig light chain-sensi- 
tized animals. Application of F991 at 100 uxj/g cream 
corresponds with a local dose of 20 |ig per animal. 

Figure 14 

[0049] Dorsal application (on back of mice) of F991 in 
ointment does not result in inhibition of earswelling after 
hapten challenge of Ig light chain-sensitized animals. 

Figure 15 

[0050] F991 retains its activity when stored as oint- 
ment at room temperature or at 4 °C for more than 3 
months. 

Figure 16 

[0051] Topical treatment of DNFB-sensitized mice at 
4 hours before hapten challenge results in complete in- 
hibition of the development of contact sensitivity re- 
sponse as determined by earswelling at 2 and 24 hours 
after challenge. 

Figure 17 

[0052] Induction of EAE in MOG/pertussis toxin treat- 
ed mice is completely suppressed by daily administra- 
tion of F991 (50 u.g/animal i.p.). 



Claims 

1. An isolated cell comprising an immunoglobulin- 
free-light-chain (Ig-LC) receptor capable of activat- 
ing a signal transduction pathway in said cell upon 
binding of an Ig-LC to said receptor, wherein said 
signal transduction is independent of the presence 
of a functional common gamma-chain associated 
receptor on said cell. 

2. An isolated cell according to claim 1 , wherein said 
cell comprises a gamma chain-receptor deficient 
cell 



55 14. A method according to any one of claims 10-13, 
wherein said compound is capable of specifically 
binding Ig-LC. 
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1 5. A method according to claim 1 4, wherein said com- 
pound comprises a peptide comprising an amino 
acid sequence (AHWSGHCCL). 

16. A method for reducing a hypersensitivity response 5 
in an animal comprising providing said animal with 

a compound capable of at least in part inhibiting 
binding of an Ig-LC to a gamma chain independent 
receptor for Ig-LC. 

10 

17. A method for determining whether a compound is 
capable of at least in part inhibiting signal transduc- 
tion of a gamma chain independent Ig-LC receptor 
comprising providing a gamma-chain-receptor de- 
ficient cell comprising said receptor with said com- is 
pound and determining whether Ig-LC mediated 
signal transduction is at least in part inhibited in said 
cell. 

18. A compound capable of at least in part inhibiting sig- 20 
nal transduction of a gamma chain independent 
Ig-LC receptor obtainable by a method according to 
claim 17. 

19. Use of a compound according to claim 18, for pre- 25 
paring a medicament for the treatment of (contact) 
dermatitis, asthma, psoriasis, inflammatory bowel 
disease, rheumatoid arthritis, Sjogren and systemic 
lupus erythematosus, and/or multiple sclerosis 

30 

20. A use according to claim 19, wherein said medica- 
ment is formulated and packaged for parenteral or 
oral administration 

21 . A method of treatment of an animal suffering from 35 
or at risk of suffering from (contact) dermatitis, asth- 
ma, psoriasis, inflammatory bowel disease, rheu- 
matoid arthritis, Sjogren and systemic lupus ery- 
thematosus, and/or multiple sclerosis comprising 
administering to said animal a compound according 40 
to claim 1 8 with a carrier to a suitable recipient. 
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FIGURE 1 
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FIGURE 3: A-C 
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FIGURE 4 



IgLC induced earswelling 
2 hrs after PCI challenge 
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FIGURE 6: A-B 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 

DRC of F991 on ear swelling 

intravenous administration 
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FIGURE 11 
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FIGURE 12 
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FIGURE 13 

IgLC induced earswelllng at 2 h 
F991 treatment 4 hrs before IgLC 
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FIGURE 14 



Effect of dorsal application of F991 
on IgLC response 
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FIGURE 15 



Stability of F991 in ointment after 
storage at roomtemp or at 4°C 
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FIGURE 16 
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FIGURE 17 
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